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 Abstract: The water sources located on the inland islands on the left side of the Danube River 
as well as water sources located on the right bank of the Danube River in the Pečniansky forest 
have an irreplaceable function in terms of supplying the population in Bratislava with drinking 
water. There are 80 wells in these mentioned areas operated by the Bratislava Water Company. In 
order to maintain the actual functions of the water resources, it is therefore necessary to assess the 
impact of the proposed construction of the multi-purposed structure ‘Hydraulic structure 
Bratislava - Pečniansky forest’ on these water sources. 
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1. Introduction 
 The main source of water for the Bratislava urban area, which should be satisfactory 
in terms of its quality and quantity, is groundwater from the aquifer of the Danube River 
sediments. They are the water sources located on the Sihoť and Sedláček inland islands, 
which are on the left side of the Danube River as well as the water source located on the 
right bank of the Danube River in the Pečniansky forest (Fig. 1). 
 Sihoť Island represents a relatively small but unique hydrogeological structure with 
intensive pumping of groundwater by 42 wells situated in different parts of the island. 
There are 4 wells on Sedláček Island and 34 wells in the Pečniansky forest [1]. 
 This paper is a quantitative analysis of the groundwater flow [2] on these Danube 
islands and in the Pečniansky forest. It consists of an evaluation of the morphological, 
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geological, hydrogeological, and hydrological input data, a quantitative analysis of the 
groundwater flow regime, and an assessment of potential threats [3] to these water 
resources due to construction of the multi-purposed structure ‘Hydraulic structure Bratislava 
- Pečniansky forest’. 
 
Fig. 1. The area of interest [4]  
 The location of the proposed Hydraulic Structure (HS) is in Bratislava between the 
Lafranconi highway bridge and the Austrian border at river kilometer 1872.21 of the 
Danube River. The HS is an alternative to the Wolfsthal water structure. It consists of a 
weir in the river and also in the right inundation, nautical structures (two symmetrical 
lock chambers with upper and lower lock cuts), a hydropower plant, and a bio-corridor 
at the Karloveské Branch [5].  
 The issue of the groundwater level regime is dealt by the TRIWACO-Flairs 
numerical groundwater model, which is based on the finite element method. TRIWACO 
has been developed by the company Iwaco BV (nowadays Royal Haskoning) [6]. 
2. Finite element method 
 The finite element method is a numerical method through which any continuous 
function can be approximated by a discrete model. This model consists of a set of values 
of the given function (and eventually with its derivatives) at a finite number of pre-
selected points in its domain, together with piecewise approximations of the function 
over a finite number of connected disjunctive subdomains. These subdomains are called 
‘finite elements’ and are determined by the pre-selected points. The pre-selected points 
are called ‘nodal points’ or nodes. The simplest two-dimensional element is a triangular 
element with three nodes [7]. 
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 The finite element method may be used to solve Boussinesq’s equation, which is a 
differential equation of the groundwater flow [8], 
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where µ [-] is the active porosity; h [m] is the piezometric head; t [s] is the time;  
k [m.s-1] is the hydraulic conductivity; H [m] is the thickness of the saturated medium; 
v0 [m.s-1] is the infiltration velocity (fictitious value). 
3. Materials and methods 
 The modeling protocol can be summarized in the following base steps [9]: 
• Step 1, Establishing the purpose of the model; 
• Step 2, Developing a conceptual model of the system, which means gathering 
and evaluating all the source data and materials; 
• Step 3, Selecting the governing equation and a computer code. The code is the 
computer program that contains an algorithm to solve the mathematical model 
numerically (this was not necessary here, because the TRIWACO groundwater 
model already contains the necessary equations and the algorithms to solve 
them); 
• Step 4, Designing the model. The conceptual model is put into a form suitable 
for modeling. This step includes defining the model’s boundaries, defining the 
type and value of the boundary conditions, parameterizing the area, and setting 
the measured values of the piezometric head in several measurement structures 
within the field of filtration; 
• Step 5, Calibrating the model. The purpose of the calibration is to establish that 
the model can reproduce field-measured heads and flows. During the calibration 
a set of values for the aquifer parameters and stresses is found, which 
approximates the field-measured heads and flows; 
• Step 6, The prediction quantifies the response of the system to future events. 
The model is run with the calibrated values for the parameters and stresses, 
except for those stresses that are expected to change in the future. Estimates of 
the future stresses are needed to perform the simulation. 
3.1. Morphological parameters 
 To determine the depth of water below the surface of the area (in Paragraph 6) the 
contour map of the terrain, which is shown in Fig. 2 was constructed. 
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Fig. 2. Contour map of the terrain [4] 
3.2. Geological and hydrogeological parameters 
 The term ‘geological parameters’ represents the top and base of the aquifer [10], and 
the term ‘hydrogeological parameter’ represents the hydraulic conductivity k  
(Table I) [11]. 
Table I 
Geological and hydrogeological parameters 
Area Material in aquifer Thickness [m] k [m.s-1] 
Sihoť gravelsand 6.0 - 15.0 10-1 - 10-4 
Sedláček Island fine and medium-grain sands 7.2 - 14.5 10-1 - 10-4 gravelsand 4.5 - 11.5 
Pečniansky forest 
sand 0.0 - 3.0 
1.0 - 9.6.10-3 gravelsand, gravel 10.0 - 14.0 
 In locations where data were not available, these parameters were estimated on the 
assumption that the geological and even the hydrogeological conditions of the right 
bank of Austria are similar to the conditions in Petržalka (Slovakia). 
3.3. Hydrological parameters 
 The area of interest belongs to the main Danube River Basin. Through the defined 
field of filtration, the River Morava and Karloveské Branch also flow. To solve the 
problem, the water level regime for the period from 2011 to 2013 at the stage-
discharges of the Vysoká pri Morave and Devínska Nová Ves on the River Morava, and 
Devín, Bratislava and Rusovce on the Danube River [12] (Fig. 3) were used. 
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 Also, the measurements of the groundwater level on Sihoť Island and Sedláček 
Island, and in the Pečniansky forest, and Petržalka [1], [12] (Fig. 4) were used. 
 
Fig. 3. Water level regime on the Danube River [12] 
 
Fig. 4. Groundwater-level measurements [12] 
 According to the amount of precipitation that falls in the area of interest, this 
location can be characterized as slightly humid. The average daily rainfall for the 
mentioned period was 3.2 mm [12]. However, in terms of the simulation of the 
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groundwater, only the effective rainfall is interesting [13]. The effective rainfall is the 
part of the precipitation totals, which is able to infiltrate into the soil. A raster map of 
the average values of the effective rainfall for the area of Bratislava was used [14]. 
 The direction of a groundwater flow is also affected by extraction from wells. The 
medium value of the quantity of the discharges withdrawn from the wells [1] is shown 
in Table II. 
Table II 
Extraction from wells 
Locality Discharge withdrawn by pumping [l.s-1] 
Sihoť 416. 
Sedláček Island  24.6 
Pečniansky forest 123.8 
4. Model design 
4.1. Defining the model boundary and the type of boundary conditions 
 The model’s boundaries (Fig. 5) are formed in the north by the River Morava and 
the interfaces of the layers of groundwater bodies in quaternary sediments [15], in the 
east by the Danube River and the measurement structures of the groundwater level in 
Petržalka, in the south (in Austria) by the quaternary alluvial deposits of the Danube 
River, and in the northwest by the Danube River with its confluence with the River 
Morava.  
 
Fig. 5. The model’s boundaries [4] 
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 The boundary conditions were specified as follows:  
• the Dirichlet boundary condition specified in the northwest on the Danube and 
Morava rivers and in the southeast on the Danube River as the water level in the 
rivers. The water level profiles in the Danube River were simulated using HEC-
RAS [16] and calibrated using measurements of the water levels in the river. On 
the eastern and southeastern parts of the model’s boundaries (in Petržalka), 
which are formed by the measurement structures of the groundwater levels, the 
Dirichlet boundary condition has been also specified; 
• the Neumann boundary condition with a zero inflow specified in the rest of the 
model’s boundaries. 
4.2. Parameterization of the area 
 For the parameterization of the input values, such as the terrain, base and top of the 
aquifer, and the hydraulic conductivity, the triangular interpolation method (TinInt) was 
used. 
5. Calibration 
 The calibration of the model consisted of setting the hydraulic parameters of the 
river bed. Those parameters are the values of the hydraulic conductivity and drainage 
and the infiltration resistance of the rivers [17], [18]. The result of the calibration of the 
steady-state flow was the groundwater level regime (resp. piezometric head) in the area 
of interest corresponding to medium hydrological values. The simulation result - a 
contour map of groundwater levels - is drawn in Fig. 6. 
 
Fig. 6. Groundwater level contour map (m a. s. l.) - present time [4] 
 From viewing the groundwater level contour map, it is clear that the groundwater 
level and the direction of the groundwater flow are directly dependent on the water 
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levels in the Danube River [19]. In the vicinity of the wells, however, the level and 
direction of the groundwater flow is more affected by the pumping of water, especially 
on Sihoť Island [20] and in the Pečniansky forest, where the pumping is substantially 
greater than on Sedláček Island. 
6. Simulation of the groundwater level after the construction of the 
proposed HS 
 The result of the simulation, assuming a steady-state flow after the construction of 
the planned HS, is the groundwater level (or piezometric water level). The isolines of 
the groundwater level are drawn in Fig. 7. In comparison to the groundwater level at 
present (Fig. 6), the construction of the HS causes rising of the groundwater level in the 
backwater area and also changes in the direction of the groundwater flow on Sihoť 
Island. The reason is that the Karloveské Branch has a function as a bio-corridor and 
thus influencing the direction of the flow from the Danube River to the branch. 
 The results of the simulation are also the determination of the depth of the 
groundwater below the surface and the water level above the terrain, as shown in Fig. 8. 
This map was made using the contour map of the terrain. 
 
Fig. 7. Groundwater level contour map (m a. s. l.) - predicted (after HS construction) [4] 
 From the simulation it is clear that due to the construction of the HS itself, some 
wells in the Pečniansky forest (with 15 l.s-1 discharge withdrawn representing 12% of 
the capacity of this location) would be destroyed (Fig. 8). The simulation also shows 
that a part of the Sihoť Island could be flooded, and another part could be waterlogged. 
Due to the fact that some parts could be flooded, a significant portion of the wells on 
Sihoť Island (mostly wells near the Danube River) would not be able to be used. The 
capacity of these wells is 240 l.s-1, which represents 58 % of the capacity of Sihoť 
Island. All the wells could be flooded on Sedláček Island. 
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Fig. 8. Depth of groundwater below the surface after the construction of the HS [4] 
7. Conclusion 
 There are three main sources of drinking water with satisfactory quality and quantity 
in Bratislava urban area - the water sources located on the Sihoť and Sedláček inland 
islands and the water source located in the Pečniansky forest. It is therefore necessary to 
assess the impact of the proposed construction of the ‘Hydraulic structure Bratislava - 
Pečniansky forest’ on these water sources. 
 The results of the simulation show that in terms of maintaining the functions of the 
water resources, the construction of the HS would be a potential threat to some wells. 
The groundwater level in the backwater area will rise and thus a part of the Sihoť could 
be flooded and another part could be waterlogged, so wells in these parts cannot be 
operated anymore. Moreover all the wells could be flooded on Sedláček Island. Due to 
the construction itself, some wells in the Pečniansky forest would be destroyed. 
 For that reason, it is necessary to propose appropriate measures to mitigate or 
eliminate the negative consequences of the construction of the HS, such as proposals for 
an underground sealing wall. 
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